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ABSTRACT 



The direct measurements of electrons and positrons over the last 30 years, corrected for the solar 
effect in the force-field approximation, are considered. The resulting overall electron spectrum may be 
fitted with a single power law above few GeV with spectral index (y_ = 3.41 + 0.02), consistent with the 
spectral index of the positron spectrum (y+ = 3.40 + 0.06), therefore suggesting a common acceleration 
process for both species. We propose that the engine was a shock wave originating from the last supernova 
explosion among those that formed the local bubble. In addition, at low energy, the electron spectrum 
measured during the last A+ solar phase is damped, whereas the positron spectrum is well represented by 
a single power law down to the lowest inferred local interstellar energy (0.8 GeV). We suggest that this 
difference arises from a time- and charge-dependent effect of the solar modulation that is not taken into 
account by the force-field approximation. 

OBSOLETE: please refer to ApJ 612 (2004) 262-267, that is the final version of this work. 

Subject headings: cosmic rays electrons and positrons: direct measurements — solar modulation — local interstellar 
spectrum 



1. INTRODUCTION 



their range to (Kobayashi et al. 2001): 



Cosmic ray (CR) electrons are probably acceler- 
ated by the same engines that accelerate CR protons 
and nuclei (galactic supernova explosions), whereas 
positrons are believed to be produced by the inter- 
actions of CR with the interstellar medium (ISM) 
(Berezinskii et al. 1990). However, electrons and 
positrons differ significantly from hadrons for what 
concerns the energy lost during the propagation 
through the ISM: in addition to ionization losses in 
the ISM, due to their small mass they suffer large ra- 
diative losses due to electromagnetic processes as syn- 
chrotron radiation, inverse Compton scattering, and 
bremsstrahlung. In general, all these effects induce an 
energy loss rate that increases with the energy as: 



Many authors emphasized that the CR electron 
spectrum can not be considered representative of a 
galactic average, but it has to reflect the recent history 
of the solar system neighborhood (see for example 
Torii et al. 2000; Miiller 2001; Stephens 2001), ex- 
pecially in the highest energy range. However, the 
existing data on direct CR electron and positron mea- 
surements (figure 1, table 1) have been interpreted in 
a number of different ways. Atoyan et al. (1995) con- 
sidered the overall electron spectrum as the sum of a 
galactic average and a single source component, and 



On the contrary, CR protons have a long residence time 
in the Galaxy (~ 10 7 years) and sample a large fraction 
(« 1/3) of the disk and halo (Maurin et al. 2002). 



In addition, the source must be relatively recent in or- 
der not to have important radiative losses: 





years. 



(3) 



(2) 




(1) 



whereas radiative losses are usually not important for 
CR protons and nuclei. Therefore, CR electrons can 
not diffuse for large distances: the radiative losses limit 
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Fig. 1. — Direct measurements of the CR electrons. 

Kobayashi et al. (2001) concluded that Vela (distance 
250 pc, age 20 ky) should have been produced this 
component. However, Guetta&Amato (2003) stressed 
that the high energy photons coming from Vela are 
likely due to hadronic processes instead of inverse 
Compton scattering. Another possible source could 
be the Monogem pulsar (Thorsett et al. 2003), whose 
distance and age match the prediction of the model 
by Erlykin&Wolfendale (1997), who attributed the 
knee feature to a single nearby source. On the other 
hand, Pohl&Esposito (1998) considered the measured 
spectrum as the superposition of many "single-source" 
components, producing several spectral breaks and a 
time dependent electron spectrum. Finally, we recall 
the analysis made by Miiller (2001), who considered 
different behaviors in different energy ranges, depend- 
ing on the energy-dependent diffusion coefficient, the 
energy losses and the distance to the nearest sources. 

In this paper we consider only the recent measure- 
ments of the CR electron and positron spectra (start- 
ing with MASS89) and the highest energy data from 
Nishimura et al. (1980, 2000). 

We corrected the measured spectra for the solar 
modulation effect in the simplest framework: the 
spherical symmetric force-field approximation (sec- 
tion 2). Among these experiments, only CAPRICE94 
and AMS-01 were able to measure both protons and 
electrons (and positrons). In this case we use the pro- 



ton spectrum to measure the solar modulation param- 
eter, whereas neutron monitor rates are used to de- 
modulate the results of the other detectors. Even after 
this correction, there is still a large spread between 
measurements of the electron spectrum in the 10-100 
GeV range, where solar effects are very small. Fol- 
lowing Miiller (2001) and Du Vernois et al. (2001), we 
rescaled all normalization constants in order to reduce 
this spread, in the hypothesis that systematic errors do 
not affect sensibly the measured spectral indices. 

The resulting spectrum has been fitted with a single 
power law from 3 GeV up to 2 TeV, and with a single 
source model above 10 GeV (section 3). On the other 
hand, we fitted the positron spectrum with a single 
power law in kinetic energy (without any renormaliza- 
tion), obtaining the same spectral index as the power 
law fit of the electrons. In section 4 we speculate about 
the possibility that both electrons and positrons have 
been accelerated by the same engine. In addition, we 
considered the measured e + /e~ ratio at low energy as 
the effect of the solar modulation with a finite propa- 
gation time. 

2. SOLAR MODULATION 

In order to estimate the local interstellar spectrum 
(LIS), it is necessary to choose a model for the solar 
modulation of cosmic rays. We used the spherically 
symmetric adiabatic model of Parker (1965) and Glee- 
son & Axford (1967, 1968), in which the charged par- 
ticles have a diffusion coefficient that depends on their 
rigidity R and on the distance r from the Sun, with a 
typical time scale of 1 1 years given by the solar activ- 
ity half-cycle. Over this time scale, the variation of the 
incoming cosmic ray flux from the Galaxy is negligi- 
ble, and the problem reduces to the one-dimensional 
diffusion of charged particles that are adiabatically de- 
celerated by the solar wind. The analytical solution is 
possible (Gleeson & Axford 1968), and the measured 
differential flux J(r, E, t) of particles with total energy 
E and mass Eq/c 2 is: 



J(r, E, t) 



E 2 -E\ 



(<D(f) + E) 2 



■E 2 



7(oo,0(f) + £) (4) 



where 7(oo, (J)(f) + E) is the stationary flux outside the 
Eliosphere of particles with energy E' = <!>(?) + E, 
and <P(f) is the energy lost by the particles during their 
travel. 

In this "force-field" model, one can write O(f) = 
|Z|e0(f) where |Z|e is the absolute value of the particle 



2 




charge and the solar modulation parameter </>(?) can be 
expressed as function of the diffusion coefficient and 
the solar wind velocity. Actually, the full force-field 
parameter is the adimensional term <pl\J3 K2(R)], where 
ki{R) is the rigidity-dependent term of the diffusion co- 
efficient (Gleeson & Urch 1973). However, Caballero- 
Lopez & Moraal (2003) emphasized that above 200 
MeV K2 °c R and (3 ~ 1, hence using <p (interpreted 
as the rigidity loss of incoming particles) as the single 
parameter is a good approximation to the numerical 
solution of the spherically-symmetric transport equa- 
tion that includes adiabatic energy losses correctly. In 
this paper, we considered <p a free parameter to be mea- 
sured independently 

A way to quantify the effects of the solar activity on 
the primary cosmic ray fluxes is to use neutron coun- 
ters placed in high mountains, that are able to mea- 
sure the rate of interactions of primary particles with 
the Earth atmosphere by detecting the produced sec- 
ondary neutrons. The neutron rate is anti-correlated 
to the number of sun-spots (that can be considered an 
index of solar activity) while it is correlated to the in- 
terplanetary cosmic ray flux (Clem et al. 1975). How- 
ever, the best way to find the value of the solar modula- 
tion parameter is to use the proton flux measured at the 
top of the Earth atmosphere (Boezio et al. 1999). This 
method has been adopted only with the detectors that 



were able to measure both protons and electrons at the 
same time: CAPRICE94 (<f> = 664 + 5 MV, figure 2) 
and AMS-01 (0 = 632 + 13 MV, figure 3). The value 
of (p found with protons or neutron rates is then used 
to correct the electron and positron spectra, neglecting 
charge-dependent modulation effects. 

The force-field model is a strong simplification of 
the propagation process inside the eliosphere (see for 
example Clem et al. 2000) and must be considered 
only a first approximation working well only for high 
enough particle rigidity and for the inner eliosphere 
(Caballero-Lopez & Moraal 2003). However, the very 
low value of the chi-square compared to the number 
of degrees of freedom of the AMS-01 proton fit with 
a modulated single power-law is significant 2 . There 
is absolutely no indication that the cosmic ray protons 
spectrum outside the eliosphere is not a single power 
law in rigidity below 200 GV, an important constraint 
for propagation models. In any case, we use the force- 
field model only as a way to compare different mea- 
surements, without stating anything about the underly- 
ing physical processes of electron diffusion. 

Alcaraz et al. (2000c) obtained the primary cosmic 
ray proton spectrum by fitting the measured AMS-01 
spectrum above 10 GV with a single power law with 

2 The fit is impressive also with CR protons measured by BESS in 
1998, 1999, and 2000. 
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Fig. 4. — Inferred LIS of CR electrons. The measure- 
ments have been renormalized to AMS-01 at 20 GeV. 
The data points are fitted by a single power law in ki- 
netic energy from about 3 GeV to 2 TeV. 
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Fig. 5. — Inferred LIS of CR positrons. The data 
points are fitted by a single power law in kinetic energy 
from 0.7 GeV to about 60 GeV, without any renormal- 
ization. 



unknown spectral index and normalization, assum- 
ing that the solar modulation effects can be neglected 
above this rigidity: their result is y — 2.79 + 0.02 
(summing in quadrature the quoted statistical and sys- 
tematic errors). However we obtain a slightly different 
spectral index (y = 2.84 + 0.01) by fitting with a func- 
tion of three parameters that takes (p explicitly into ac- 
count. This method is more reliable and demonstrates 
that when the experimental uncertainties are as low as 
those of AMS-01 the effects of the solar activity can 
be appreciable up to few tens of GV. 

3. RESULTS 

We do not make use of the eldest measurements, 
apart from data obtained by Nishimura et al. (1980), 
that agree with the recent update by Nishimura et al. 
(2000) and are almost insensitive to the solar modu- 
lation. Notwithstanding, the existing data sets have a 
non negligible spread in the 10-100 GeV range, where 
the measured fluxes at the same energy may differ even 
by a factor of 10. However, supposing that the main 
source of uncertainty comes from the correction for 
the residual atmosphere and that this systematic effect 
is not greatly dependent on the spectral index, one can 
adjust the normalization constants of the various ex- 



periments to reduce the spread (Du Vernois et al. 2001 ; 
Miiller 2001). Incidentally, this automatically adjusts 
the systematic shift due to the positron component for 
the detectors that were not able to separate positive 
from negative charges (see table 1), in the hypothe- 
sis that the positron fraction reaches a constant value 
at high energies. 

The resulting local interstellar electron spectrum is 
shown in figure 4, where the inferred local interstellar 
spectrum of the electrons has been fitted with a single 
power law from 3 GeV to 2 TeV. On the other hand, 
all positron measurements agree well without renor- 
malization, and are well represented by a single power 
law in kinetic energy (figure 5), the only exception be- 
ing the low energy data points obtained by HEAT95, 
whose electron measurement at low energy is also in 
disagreement with other experiments. 

As shown in figures 4 and 5, the LIS inferred from 
the HEAT95 measurement (Du Vernois et al. 2001) 
differ significantly from the other experiments below 
few GeV, both for electrons and positrons. The elec- 
tron measurement done by MASS89 (Golden et al. 
1994) is the only one that agrees with HEAT95 at 
low energy, even though the latter took data during 
a solar minimum whereas the former operated during 
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Fig. 6. — Inferred LIS of CR electrons fitted with the 
single source model by Atoyan et al. (1995). 



a solar maximum. Hence it seems unlikely that the 
discrepancy between these two experiments and the 
other ones is caused by a bad demodulation procedure. 
Rather, it seems that unknown systematics affect these 
results. 

3.1. The local interstellar spectrum 

Both the electron and the positron spectra can be 
fitted with single power-laws, and the two spectral in- 
dices obtained by the best fit procedures are compati- 
ble: the local interstellar spectra have y_ = 3.41 +0.02 
for electrons above 3 GeV and y+ - 3.40 + 0.06 for 
positrons up to 60 GeV. The single power-law fit of 
the electron LIS has a not very good chi-square com- 
pared to the number of degrees of freedom. How- 
ever, with exception of CAPRICE94 and AMS-01, 
that quoted both statistical and systematic errors (here 
summed in quadrature), it must be noted that all ex- 
periments quoted only statistical errors in the numer- 
ical tables. The systematics are usually of the order 
of 10% at least, and were not considered in the fit. 
Hence the obtained chi-square should not be consid- 
ered that bad. On the other hand, the chi-square of the 
positron LIS fit with a single power-law is quite good, 
taking into consideration statistical errors only (apart 
from CAPRICE94 and AMS-01). 

The highest energy data points (Nishimura et al. 



1980, 2000) come all from the same kind of detec- 
tor, using the emulsion chambre technique. Several au- 
thors have seen a cut-off at about 700-800 GeV in the 
first measurement by Nishimura et al. (1980). How- 
ever, the last published data by Nishimura et al. (2000) 
extend the energy range up to 2 TeV, making it very 
difficult to affirm that a cut-off does indeed exist be- 
low 1 TeV. In order to test the cut-off hypothesis, we 
obtained the best fit of the electron LIS using the sin- 
gle source model by Atoyan et al. (1995) (figure 6). 
This quite complex function depends on the source 
distance r and age f, on the injection spectrum spec- 
tral index a, and on the exponent 5 of the diffusion 
coefficient D(E) = D (l + E/E Y, and should well 
represent data at high energy, where the single source 
is expected to dominate over the galactic component 
(important at lower energies). In our knowledge, this 
paper is the first one where this function is used in a 
best fit procedure: other authors simply computed it 
for nearby source candidates and compared the result 
with the measurement. 

We used the single source spectrum to fit the elec- 
tron LIS above 10 GeV, obtaining a very good chi- 
square value. The results is that the single source must 
be recent [f = (4.2 + 1.1) x 10 5 y] and very near to the 
solar system (r = 12.2+9.8 pc). In addition, the source 
spectral index is 2.4 and the exponent of the diffusion 
coefficient appears to be 6 — 0.9 + 0.1, greater than the 
usual adopted value of 0.6 but consistent with recent 
simulations by Maurin et al. (2002). However, in case 
of a single source dominating the LIS at high energy 
over the galactic component, we should see a spectral 
change at 10-20 GeV, that is not seen by CAPRICE94 
(figure 7) and AMS-01 (figure 8). 

3.2. The low energy spectrum 

Using the same value for <p as given by the protons 
fit and neglecting any variation in the rigidity depen- 
dence of the electron diffusion coefficient, it is possible 
to correct for the solar effects the electron and positron 
primary spectra measured by CAPRICE94 (Boezio et 
al. 2000) and AMS-01 (Alcaraz et al. 2000b) using 
equation (4), as shown in figures 7 and 8. We would 
expect this approximation to break down at low ener- 
gies, due to the change of the diffusion coefficient of 
e + and e~ below few GV (Potgieter&Ferreira 1999). 
However, the damping at low energies in the local in- 
terstellar spectrum of electrons is not visible in the 
positron LIS, similar to the proton LIS shown in fig- 
ures 2 and 3. Instead, the force-field approximation is 
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Fig. 7. — Measured and local interstellar flux of 
CAPRICE94 electrons (upper panel) and positrons 
(lower panel). 
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Fig. 8. — Measured and local interstellar flux of AMS- 
01 electrons (upper panel) and positrons (lower panel). 



count the particle charge (Bieber et al. 1999). This ef- 
fect is expected to be more evident at lower energies 
and could explain the feature visible in the electron 
LIS but not in the positrons LIS. In addition, the elec- 
tron LIS inferred from CAPRICE94 data is a power- 
law above 3 GeV, whereas the AMS-01 spectrum is 
damped below 2 GeV. In 1994 the CR flux was re- 
covering from the minimum occurred in 1991, while 
in 1998 the situation was opposite: the flux was de- 
creasing from the maximum in 1997 towards the fol- 
lowing minimum (in 2000). Because the solar modula- 
tion has a necessary delay connected with the propaga- 
tion time of the magnetic irregularities from the Sun to 
the eliopause, it is evident that the damping should be 
higher just following a CR minimum than for periods 
preceding a minimum. This can explain why AMS- 
01 data show a departure from the single power law 
at lower energies than CAPRICE94. However, this ef- 
fect is not observed in the proton and positron spectra, 
hence it has to be connected with the particle charge 
sign. 

During the nineties, the Sun was in a positive half- 
cycle, when the magnetic field emerging from the 
North Pole of the Sun pointed outward (Bieber et al. 
1999). In this case, the antisymmetry of the Parker 
field above and below the equatorial plane produces 
drift velocity fields for positive particles that converge 
on the equator, whereas negative particles diverge from 
it (Clem et al. 2000). During the negative polarity so- 
lar half-cycle started in 2001 the situation is reversed, 
and the damping at low energy should be visible with 
positrons but not in the electron spectra. Measure- 
ments from future experiments will allow to check this 
behavior. 

The positive half solar cycle positron to electron 
ratio Q is shown in figure 9, where we computed it 
starting from the absolute fluxes (we did not include 
the results of experiments that did not published ab- 
solute fluxes). The ratio exponentially decreases from 
about 1:3 to 1:10 with increasing local interstellar en- 
ergy from 0.7 GeV to about 4 GeV (the most interest- 
ing region for the study of the diffusion coefficient), 
then it seems to be flat. The possible "bump" seen by 
Buffington et al. (1975) has not been confirmed by any 
other experiment: the ratio flattens at high energies. 



working very well both for protons and positrons over 
the whole energy range, and for electrons above few 
GeV. 

The next order approximation should take into ac- 



4. DISCUSSION 

The cosmic ray electron flux is being measured 
since 30 years with balloon and satellite experiments 
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Fig. 9. — Positrons to electrons ratio as function of the 
local interstellar energy. 

over a wide energy range. The results from different 
detectors are not always compatible within quoted er- 
rors, expecially for the eldest experiments. In addi- 
tion the energy range below 100 GeV is covered by 
many experiments, but above this level only data from 
Nishimura et al. (1980) and Nishimura et al. (2000) 
are available up to now. They were obtained using 
the emulsion chambre technique, but in the near future 
different methods will be adopted. For example the 
PAMELA (Bonvicini et al. 2001) and AMS-02 (Aguil- 
lar et al. 2002) detectors will be magnetic spectrome- 
ters with proton-electron discrimination obtained us- 
ing an electromagnetic calorimeter and a transition ra- 
diation detector. 

After renormalizing the different measurements at 
20 GeV, the single power-law fit of the LIS of CR elec- 
trons gives a spectral index of y_ = 3.41 + 0.02, from 
3 GeV up to 2 TeV. On the other hand, the positron 
LIS can be fitted by a single power-law over the whole 
energy range covered by existing measurements, with- 
out any renormalization. The positron spectral index 
y + = 3.40 + 0.06 is remarkably equal to the electron 
value within the small errors. No evident cut-off can 
be found below 1-2 TeV in the electron spectrum, in- 
dicating that their source must be recent (at most few 
10 5 years) and nearby (few 100 parsecs). An intrigu- 
ing possibility is that both electrons and positrons were 



accelerated by the same source, according to the fol- 
lowing scenario. 

Electrons are produced by supernova explosions 
and by the interactions of CR hadrons (mostly pro- 
tons and He nuclei) with the ISM, whereas positrons 
are mostly secondary products of these interactions. 
The spectral index of protons is about 2.8, and this is 
also the injection spectral index of positrons. In sta- 
tionary conditions, the positrons loose energy by ra- 
diative processes and their spectral index is lowered 
by one, becoming roughly equal to 3.8. This aver- 
age galactic population was present also in the solar 
system neighborhood, where they were reaccelerated 
by the recent shock wave that accelerated electrons, 
likely produced by the last supernova among those that 
formed the local bubble (Erlykin&Wolfendale 1997; 
Mafz-Apellaniz 2001; Benftez et al. 2002). The "nat- 
ural" spectral index produced by this engine has to be 
a < 3 .4, equal to or slightly harder than the measured 
spectral index of positrons and electrons, because the 
acceleration is recent enough for the spectrum not to 
have been distorted significantly by radiative losses. 
The injection spectral index is also harder than the 
pre-existing positron spectral index, thus it is possible 
that positrons gained energy during the reacceleration 
(Volk 2003). 

The shock wave compression ratio was R — (a + 
2)/(a - 1) > 2.25, i.e. it was "softer" than the usual 
compression ratio R — 4 used in the literature (Schlick- 
eiser 2003), that corresponds to a source spectral in- 
dex a = 2 and to a synchrotron spectral index a = 
(a - l)/2 = 0.5. This value for a is the average 
value of the Green's catalog of galactic supernova rem- 
nants (Green 2001), whereas the value inferred from 
the measured positron and electron spectra (a < 1 .2) 
is higher than all measurements reported in this cata- 
log. Hence, we do not expect to see important effects 
on the synchrotron background due to the shock wave 
that accelerated electrons and positrons. In addition, 
the proton spectrum should not be affected at all, for 
two reasons: first, protons have a long residence time 
in the Galaxy and sample about one third of its disk. 
Hence one can estimate the number N of supernovae 
that contributed to the proton spectrum considering the 
rate of supernova explosions in one third of the galac- 
tic disk as t « (100 y)~' and the residence time as 
T « 10 7 y, then N = Tt~ 1 * 10 5 . Thus a single 
source will tipically contribute a very small fraction of 
the CR protons. Second, the "natural" spectral index 
produced by our source is higher than the proton index, 
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i.e. its spectrum is softer. In this case, one does not 
expect such a weak reacceleration to increase the ex- 
isting spectral index: it remains the same as before the 
shock (Volk 2003). A source with no sensible effects 
on the hadronic component of galactic cosmic rays is 
also compatible with the absence of a persistent nega- 
tive trend in the CR intensity, confirmed by the anal- 
ysis of Usoskin et al. (2003), who considered the CR 
flux over the last 400 years. 

At low energy, the extrapolated local interstellar 
spectrum of CR electrons is flattened, whereas the 
positron spectrum given by CAPRICE94 and AMS-01 
is still well represented by a single power law down to 
the lowest inferred LIS energy (0.7 GeV). In addition, 
the damping appeared at 3 GeV in 1994, following 
a solar maximum, and at 2 GeV in 1998, just before 
the solar minimum. A charge- and time-dependent 
solar modulation effect (Clem et al. 1975; Bieber et 
al. 1999; Heber&Potgieter 2000; Potgieter&Ferreira 
2001; Webber & Lockwood 2001; Clem & Even- 
son 2003) with finite propagation velocity could ex- 
plain this difference, though new measurements with 
high accuracy in the negative polarity solar half-cycle 
(where the behavior of electrons and positrons should 
be exchanged) are needed to confirm it, and several 
measurements in different times or long duration mis- 
sions are needed to quantify this first order effect. Fu- 
ture experiments PAMELA and AMS-02 will be able 
to measure the absolute fluxes of positrons and elec- 
trons up to few hundreds GeV during several years, 
and will be decisive to understand this phenomenon. 

The authors wish to thank the AMS Collaboraion 
for having provided the numerical tables of the e + and 
e~ spectra, and S. Cecchini, V.A. Dogiel, F. Donato, 
R. Fanti, L. Foschini, D. Miiller, F. Palmonari, V. Vi- 
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work. 
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Table 1 

Direct Measurements of Cosmic Ray Electrons. 



Measurement 


Year 


Sun 
pol. 


e-/e + 
sep. 


(GeV) 


^Vnax 

(GeV) 


Ref. 


Fanselow 1969 


1965, 1966 




Y 


0.07 


11.0 


1 


Nishimura 1980 


1968-1975 


-,+ 


N 


30.0 


1500 


2 


Buffington 1975 


1972, 1973 


+ 


Y 


5.1 


63.0 


3 


Meegan 1975 


1969, 1973 


+ 


N 


6.4 


114 


4 


Prince 1979 


1975 


+ 


N 


10.2 


202 


5 


Golden 1984 


1976 


+ 


N 


3.45 


91.7 


6 


Tang 1984 


1980 


+ 


N 


4.89 


200 


7 


MASS89 


1989 




Y 


1.6 


16.1 


8 


MASS91 


1991 


+ 


Y 


7.5 


46.9 


9 


CAPRICE94 


1994 


+ 


Y 


0.54 


34.3 


10(e), 11 (p) 


HEAT94 


1994 


+ 


Y 


5.45 


66.4 


12 


HEAT95 


1995 


+ 


Y 


1.20 


66.4 


12 


Nishimura 2000 


1996, 1998 


+ 


N 


30.0 


3000 


13 


BETS97+98 


1997, 1998 


+ 


N 


13.9 


112.6 


14 


AMS-01 


1998 


+ 


Y 


0.15 


35.7 


15 (e), 16 (p) 



Note. — Only experiments which published data tables are reported (the AMS Col- 
laboration provided the numerical tables in electronic format). Positive and negative 
Sun polarities refer to epochs when the magnetic field emerging from the North Pole of 
the Sun points outward and inward, respectively (Bieber et al. 1999). 

References. — (1) Fanselow et al. 1969; (2) Nishimura et al. 1980; (3) Buffington et 
al. 1975; (4) Meegan & Earl 1975; (5) Prince 1979; (6) Golden et al. 1984; (7) Tang 
1984; (8) Golden et al. 1994; (9) Grimani et al. 2002; (10) Boezio et al. 2000; (11) 
Boezio et al. 1999; (12) Du Vernois et al. 2001; (13) Nishimura et al. 2000; (14) Torii 
et al. 2001; (15) Alcaraz et al. 2000b. (16) Alcaraz et al. 2000c. 
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